Rationale: The present study explored the relationship between the adenosine triphosphate (ATP)-binding cassette A1 (ABCA1) gene, atherosclerosis, and cerebral infarction. The diagnosis and treatment ideas of stroke caused by Tangier disease via the summary of the diagnosis and treatment process of one case with juvenile stroke were explored. The relevant literature on the clinical manifestations, laboratory examinations, and treatment of Tangier disease was reviewed.
Introduction
Gene mutation of ATP-binding cassette A1 (ABCA1) causes severe high-density lipoprotein (HDL) deficiency syndrome, that is, Tangier disease, which is a genetic metabolic disorder and extremely rare. [1] It causes reverse cholesterol transport (RCT) disorder, resulting in cholesterol accumulation in peripheral tissue cells, which leads to a series of clinicopathological changes, including dyslipidemia and early onset of atherosclerosis, [2] causing cerebral infarction. In this study, the diagnosis and treatment process of one case with juvenile cerebral infarction, caused by Tangier disease, was reported and the relevant literature was reviewed to improve the clinicians' understanding of this disease.
Case presentation
A 14-year-old male patient exhibited a sudden speechlessness and weakness in the right limb weakness for 8 hours. Subsequently, he became unconsciousness with a transient twitch in the right limb. After a few seconds, the convulsions disappeared, and consciousness was regained. The patient was checked in a local hospital and brain computed tomography (CT) did not show any abnormalities. For further treatment, the patient was admitted to our hospital. The patient had no headache, dizziness, fever, and diarrhea before the illness and no strenuous exercise was performed. Also, the patient had a history of "bronchial asthma" and "allergic rhinitis" for 11 years. The patient's mother has a history of "hypertension and diabetes." Physical examination found that the patient had a clear consciousness but also motor aphasia. Both eyes were gazing towards the left side, the right side of the nasolabial sulcus was shallow, and the tongue was biased towards the right side while stretching. The tension of the left limb muscle was normal, and the left limb muscle strength was grade 5. The muscle tension on the right side is slightly lower, and the muscle strength level of the right upper limb is grade 0 and the muscle strength of the right lower limb grade 2. The pathological sign of the left side was (À) and that of the right side was (+). National Institutes of Health Stroke Scale (NIHSS) score was 14 points. Auxiliary examination: erythrocyte sedimentation rate (ESR): 9 mm/h (0-15); blood biochemistry: uric acid 503 mmol/L (208-428); creatine kinase: 566 IU/L (50-310); lactate dehydrogenase: 251 IU/L (120-250); low-density lipoprotein cholesterol: 3.24 mmol/L (1.53-3.45); HDL cholesterol: 0.94 mmol/L (1.04-1.96); C-reactive protein (CRP): 4.29 mg/L (0-8). The results of blood routine test, 4 coagulation tests, urine routine test, stool routine test, glycosylated hemoglobin, pre-transfusion test, autoantibody test, humoral immune series, anti-neutrophil cytoplasmic antibody and subtype, anticardiolipin antibodies, and blood lactic acid were normal. Brain magnetic resonance imaging (MRI) and magnetic resonance angiogram (MRA) (Fig. 1) showed multiple flake-shaped shadow of longer T1 and T2 signals in the left basal ganglia and frontal-parietal lobes. Fluid-attenuated inversion recovery (FLAIR) and diffusionweighted imaging (DWI) images showed high signals. The local sulcus disappeared with slight mass effect. Color ultrasound of liver, gallbladder pancreas, spleen, and kidney displayed a fatty liver at 2 cm under the liver ribs. The results of electrocardiogram, color ultrasound of heart, cervical vessels, lower extremity veins, and brain CT were normal. The digital subtraction cerebral angiography (Fig. 2) showed stenosis of C6 and C7 segments on the left internal carotid artery, with stenosis rate of about 60% to 70% and 80%, respectively. During the course of hospitalization, the patient presented with acute onset of speechlessness accompanied by the weakness in the right limb weakness. Physical examination revealed aphasia and central paralysis in the right limb. MRI examination showed new cerebral infarction lesions on the left basal ganglia and frontal lobe. MRA presented intracranial vascular multiple stenosis located on the left frontalparietal cortex, the left cortical nucleus, corticospinal tract, the left basal ganglia, caudate nucleus, lentiform nucleus, and the left middle cerebral artery (MCA)-dominated area. High-resolution brain MRA (Fig. 1) , conducted during hospitalization of the patient, showed atherosclerotic plaques on the left atrial carotid artery and the MCA. Digital subtraction angiography (DSA) showed severe stenosis at the end of the left internal carotid artery and proximal occlusion on the left anterior cerebral artery and the MCA. The patient was diagnosed as ischemic stroke. Lower HDL-C (0.506-0.94) and atherosclerotic stenosis of the patient were detected by comprehensive serological examination and vascular examination, respectively. Furthermore, the serum lipid metabolism-related gene examinations showed exon22 in ABCA1 gene; c.598G>A, p.1068R>H, and 899-1131 amino acids position harbored the domain of ABCA1 transporter. Simultaneously, the evaluation of his parents' genes revealed a heterozygous mutation of the Tangier disease-related ABCA1 gene in the sample of the patient, which was proved by family verification results (Fig. 3 ) that were from the mother. Based on the above results, we diagnosed the patient with a genetic Tangier disease. After exclusion of mitochondrial encephalomyopathy, 
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Medicine intracranial infection, arterial stroke, sickle cell disease, and other diseases, the cause of cerebral infarction was clarified. The hereditary metabolic abnormalities were assessed qualitatively. Then, we conducted a family survey of the disease that revealed only the patient with this disease in the 3 generations of his family (Fig. 4) . The mother was a healthy gene carrier, and the father did not have a gene mutation. The thorough serological examinations of the immediate family members of the parents showed normal HDL. Although gene detection was not complete, the mother was found to be normal without any cerebral infarction. The patient was administered anti-platelet aggregation and statin, and other comprehensive treatments. Simultaneously, the patient underwent body weight control, ingested diet with low salt and low fat, and physical rehabilitation training. After treatment for 24 days, the patient showed improvement and was discharged. Before discharge, biochemical reexaminations revealed lactate dehydrogenase 243 IU/L, HDL cholesterol 1.04 mmol/L, low-density lipoprotein cholesterol 2.29 mmol/L. Physical examination revealed incomplete motor aphasia and the right upper limb muscle strength was level 0, and the right lower limb muscle strength was level 2+. Three months after discharge, the results of reexaminations showed 0.506 mmol/L HDL. The patient was followed up for 3 years. The patient could take care of his daily routines and studies. He had a clear consciousness, no aphasia, and no obvious abnormalities in the cranial nerve examination. The muscle tensions in the 4 limbs were normal, while the proximal and distal ends of the right upper limb muscle strength, and the muscle strength of the right lower limb was at level 5. The results of blood lipid examinations after 3 years of follow-up are shown in Table 1 , and the reexamination of brain MRI and MRA were illustrated in Fig. 5 .
Discussion
Tangier disease is a rare autosomal recessive genetic disease, and currently, only about 100 cases have been reported in worldwide. [3] It is mainly characterized by familial HDL deficiency (FHD), with low levels of plasma HDL and high cholesterol accumulation in macrophages, along with the high incidence of cardiovascular and cerebrovascular diseases. [4] Moreover, unified diagnostic criteria are yet lacking, and thus, clinical manifestations and gene detections are the essential diagnostic basis. In this case, the patient had fatty liver, hepatosplenomegaly, the formation of the left carotid artery atherosclerotic plaque, and decreased HDL. After 3 years of follow-up, the results of the parents' blood lipid tests showed that the HDL level was normal, while that of the patient was lower during hospitalization but normalized after treatment. Comprehensive detection suggested that ABCA1 gene mutation and diagnosis could be confirmed. [1] The present study found that Tangier disease was caused by ABCA1 gene defect. In addition, >50 mutation sites were detected in the ABCA1 gene that was associated with Tangier disease and FHD. [1, 5] HDL transports cholesterol from the peripheral tissues (including atherosclerotic plaques) to the liver for recirculation or excretion in the form of cholic acid, a process known as reverse cholesterol transport (RCT). [2, 6, 7] ABCA1 protein-mediated RCT functions in the following 2 steps. [8] In the first step, ABCA1-mediated intracellular phospholipids effluxes in the normal peripheral cell membrane, and ABCA1 binds to extracellular apolipoprotein AI (apoA-I) to form a discoid phospholipid-apoA-I complex. In the second step, the intracellular cholesterol flows out through transmembrane diffusion, which is captured by the above complex to form pre-b-HDL. Under the action of lecithin-cholesterol acyltransferase (LCAT), the pre-b-HDL is transformed into a cholesterol-rich globular mature HDL [9] that initiates the RCT process. This phenomenon suggested that ABCA1 indirectly acts as a regulator for cholesterol efflux, thereby promoting the formation of preb-HDL. During the process of RCT, ABCA1-encoded protein, 
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Medicine known as cholesterol efflux regulatory protein (CERP), is involved in the outflow of cholesterol (using ATP to participate in the transfer of lipid from the inner layer of the cell to the outer layer and from the cell membrane to HDL), leading to the transfer of cholesterol to phospholipid-ApoA-I. The ABCA1 mutation causes cholesterol outflow and intracellular lipid transport abnormalities. ApoA-I cannot capture cholesterol and phospholipids that cannot form the former b-HDL and ApoA-I by kidney uptake metabolism [10, 11] ; the same will cause HDL-C reduction. [4, 12, 13] The genetic disorders of HDL metabolism can cause cholesterol outflow abnormalities from macrophages and lead to the formation of foam cells. In addition, the disorders can have lipid deposition in the reticular endothelial system, [14] subsequently causing atherosclerosis that ultimately leads to cerebral infarction. In this study, the disease occurred during the patient's activity with rapid progress, which might be attributed to the acute occlusion of the left middle cerebral artery, caused by detachment of the left carotid atherosclerotic plaque.
The present case of the juvenile male patient had acute onset and speechlessness accompanied in the right limb weakness. Physical examination revealed aphasia and central paralysis in the right limb. Thorough imaging examinations revealed the presence of infarction lesions, while MRA displayed intracranial vascular multiple stenoses. We could qualitatively diagnose the patient with ischemic stroke based on the medical history, brain structure image, and cerebrovascular examination. In this case, the patient presented an adolescent onset, without high-risk factors, such as hypertension, diabetes, heart disease, and other cerebrovascular diseases. Thus, the cause of the disease was unknown. In further serological and vascular examinations, we found had low HDL-C and atherosclerotic stenosis in the patient. If juvenile man exhibits atherosclerosis without any conventional risk factors for cerebrovascular disease, then genetic factors should be considered as the cause. In addition, the literature review and further gene examinations of the blood lipid metabolism demonstrated the occurrence of ABCA1 gene mutation. Consecutively, a comprehensive detection of parents' genes and pedigree verification results showed that the gene mutation of the patient was acquired from the mother. Thus, the ABCA1 gene mutation that led to Tangier disease was a clear diagnosis of cerebral infarction. In addition to peripheral nerve injury and multiple systemic symptoms as the primary manifestations, the typical Tangier disease shows orange tongue, hepatosplenomegaly, corneal opacity, and thrombocytopenia. [15] In this case, the patient had ischemic stroke onset and less other systemic injuries, which might be related to his young age, short duration of the sickness, and the clinical symptoms that had not yet appeared fully. During the diagnosis and treatment process of juvenile ischemic stroke, we completed the vascular examinations, and gradually excluded the various causes. The abnormal lipid metabolism displayed the ABCA1 gene mutation in the patient that led to HDL synthesis disorders, causing vascular atherosclerosis, followed by cerebral infarction. We make differential diagnosis: mitochondrial encephalomyopathy with lactic acidosis and stroke-like episodes (MELAS syndrome): juvenile onset, stroke-like performance, epileptic seizure performance, high signal lesions on craniocerebral MRI cortical DWI, and long T1 and T2 signal lesions. The possibility of mitochondrial encephalomyopathy should also be considered. Comprehensive examinations of liver functions, kidney functions, and lactic acid content were normal; however, distinct Table 1 Blood lipids results of patient and his parents after 3 years followup.
Patient
Mother Father vascular lesions were detected in the cerebrovascular examinations, which excluded the possibility MELAS. [16] Intracranial infection: acute onset and limb hemiplegia with the behavior of limb convulsions; however, there was no prior history of infection, fever, or headache symptoms. The possibility of viral encephalitis was excluded by completing the related blood examinations and imaging detections. Other causes of stroke: Takayasu arteritis inflammation: the results of the relevant indicators of vasculitis and cerebrovascular peripheral vascularrelated examinations did not support this cause. [17] Sickle cell disease: patient did not present anemia, liver abnormalities, kidney abnormalities, or embolization of other related organs, which might have supported the cause. [18] Patent foramen ovale (PFO) was also ruled out. [19] Ultimately, the patient was diagnosed with Tangier disease. After reviewing the relevant literature, we found that most of the epidemiological studies and clinical trials have confirmed that serum HDL levels were negatively correlated with stroke risk in cases of adult onset of atherosclerotic cerebral infarction. [20] A study in China has also shown that HDL-C reduction can increase the risk of cerebral infarction by 1.8-fold, and increase the total risk of stroke by 1.5-fold. [21] ABCA1 is a vital protein for HDL-C synthesis, and ABCA1 gene mutation leads to HDL-C deficiency that is associated with an early onset of atherosclerosis. [4, 12] Albrecht et al [22] reported a significant decrease in ABCA1 protein expression in progressive carotid atherosclerotic plaques and further demonstrated that low expression of ABCA1 was crucial for the progression of carotid atherosclerosis. van Dam et al [23] found that impaired ABCA1 protein function could increase the thickness of the arterial wall. Various studies have shown that mutation in the ABCA1 gene and reduction in the HDL-C level are also closely related to adult atherosclerotic cerebral infarction. However, the adult onset of atherosclerotic cerebral infarction and non-low HDL-C level are yet rare phenomena, necessitating an intensive focus on such patients during clinical diagnosis and treatment.
Currently, specific effective therapies are lacking for Tangier disease. Patients with atherosclerosis and cerebral infarction can be treated with anti-platelet aggregation and statin, lipidlowering stable plaques, and other comprehensive treatments while improving the lifestyle (including weight loss, increased physical activities, and smoking cessation) to improve the prognosis. ABCA1 gene mutation leads to Tangier disease, causing cerebral infarction. Nevertheless, the lack of effective drugs to regulate ABCA1 necessitates clinical research and development of drugs with the specific regulation of ABCA1 expression, which might be a breakthrough in the treatment of Tangier disease. [24, 25] Thus, an in-depth study of ABCA1 function and the regulatory mechanisms underlying its expression are greatly significant, [26] for lipid metabolism, AS, and cerebrovascular disease treatments, as well as, the development of new drugs targeting the gene. 
